Europdisches Patentamt

European Patent Office

(19) g)

(12)

Office européen des brevets

(45) Date of publication and mention
of the grant of the patent:
11.07.2001 Bulletin 2001/28

(21) Application number: 96105199.2

(22) Date of filing: 01.04.1996

(51)

(11) EP 0 735 258 B1

EUROPEAN PATENT SPECIFICATION

Int .7 FO2D 41/14, FO2D 43/00,
F02D 37/02

(54) An internal combustion engine
Brennkraftmaschine

Moteur a combustion interne

(84) Designated Contracting States:
DEFRGBIT

(30) Priority: 31.03.1995 JP 10015195

(43) Date of publication of application:
02.10.1996 Bulletin 1996/40

(73) Proprietor: YAMAHA HATSUDOKI KABUSHIKI
KAISHA
Iwata-shi Shizuoka-ken, 438 (JP)

(72) Inventors:
* Motoyama, Yu, c/o Yamaha Hatsudoki K.K.
Iwata-shi, Shizuoka-ken (JP)

(74)

(56)

Moriya, Yoshikiko, c/o Yamaha Hatsudoki K.K.
lwata-shi, Shizuoka-ken (JP)

Representative: Griinecker, Kinkeldey,
Stockmair & Schwanhausser Anwaltssozietat
Maximilianstrasse 58

80538 Miinchen (DE)

References cited:
GB-A- 2 155 994
US-A- 5215068

US-A- 4 827 880

PATENT ABSTRACTS OF JAPAN vol. 014, no.
375 (M-1010), 14 August 1990 & JP 02 136504 A
(AISIN SEIKI CO LTD), 25 May 1990,

EP 0 735 258 B1

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 0 735 258 B1 2

Description

[0001] This invention relates to an internal combus-
tion engine comprising at least one cylinder slidingly re-
ceiving a reciprocable piston and having an intake pas-
sage opening into said cylinder via an intake port, and
an exhaust passage opening into said cylinder via an
exhaust port, an engine control means receiving signals
from an operation condition detection device having at
least one first exhaust gas pressure sensor associated
to the exhaust passage and adapted to detect an ex-
haust gas pressure therein and to a method of control-
ling an internal combustion engine comprising at least
one cylinder slidingly receiving a reciprocable piston
and having an intake passage opening into said cylinder
via an intake port and an exhaust passage opening into
said cylinder via an exhaust port, an engine control
means connected with an operation condition detection
device having at least one first exhaust gas pressure
sensor, comprising the steps of detecting an exhaust
gas pressure, processing the detected exhaust gas
pressure values and outputting a control signal for con-
trolling said engine.

[0002] Forimproving engine performance, it has been
practiced to detect exhaust gas pressure within the com-
bustion chamber and, according to the detected signals,
utilize reflected waves of the exhaust gas pulsation. In
that case, especially in 2-cycle stroke engines, but also
in 4-cycle stroke engines, in a high speed high load
range, the arrival time of the reflected waves traveling
toward the exhaust port of the exhaust passage which
is open to the combustion chamber tends to be delayed.
As a result, a sudden decrease in the engine output is
experienced in the high speed high load range because
of insufficient utilization of the reflected waves.

[0003] Therefore, an arrangement described below
can be considered to restrict the decrease in the output
in the high speed, high load range.

[0004] Thatis to say, the state of high speed high load
of the engine is detected while the pressure in the com-
bustion chamber is detected with a pressure detection
sensor, and from these detected signals, ignition timing
is delayed by a specified crank angle to delay the com-
bustion of mixture gas.

[0005] When the combustion speed is thus delayed,
temperature of the exhaust gas flowing from the com-
bustion chamber to the exhaust passage rises and the
sound velocity in the exhaust passage increases. Then
the arrival time of the reflected waves to the exhaust port
is advanced so that the reflected waves arrive in spec-
ified arrival time, the reflected waves are effectively uti-
lized, and the engine output can be increased.

[0006] Therefore, this arrangement does not control
the exhaust gas pulsation by sensing the pressure in the
combustion chamber.

[0007] Further, while only one detection is made at a
specified crank angle with the pressure detection sensor
for every rotation of the crank, the pressure in the com-
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bustion chamber changes from moment to moment be-
fore and after the above-mentioned crank angle. There-
fore, the detected value from only one detection at the
specified crank angle is likely to produce a large error.
When the ignition timing is controlled according such de-
tected signals, the reflected waves of the exhaust gas
pulsation cannot be utilized effectively because of such
an error. As a result, the engine performance cannot be
improved sufficiently.

[0008] Since the pressure detection sensor for use in
the prior art arrangement is the one which directly de-
tects the pressure in the combustion chamber, the sen-
sor is directly subjected to a large variation in pressure
and to high temperatures.

[0009] From the viewpoint of durability, high quality is
required of the above pressure detection sensor to
stand the harsh conditions described above for an ex-
tended period of time. This causes further problems that
the pressure detection sensor has to be fabricated in a
complicated shape and increases the cost.

[0010] This problem has been solved by an internal
combustion engine as well as a method of controlling
an internal combustion engine as indicated above,
which are disclosed in US-A-5,215,068, GB-A-2 155
994 or US-A-4,827,880, respectively. According to all of
these documents, an exhaust pressure sensor in an ex-
haust passage is used as an input to an engine control-
ler in usual internal combustion engines.

[0011] Moreover, US-A-4,827,880 proposes feed-
back controlling the exhaust pressure which deviates
the use of a usual Pl-controller. However, according to
this document, the pressure detection means only de-
tects a pressure peak within the exhaust pipe, so that
the engine performance is not always effective and that
the possibility of errors is high.

[0012] Accordingly, itis an objective of the present in-
vention to provide an improved internal combustion en-
gine as indicated above which is capable to always con-
trol the exhaust gas pulsation with high reliability and to
ensure high engine performance.

[0013] According to the invention, this objective is
solved for an internal combustion engine as indicated
above in that said engine control means is adapted to
sum up exhaust gas pressure values detected, at least
for a period of time from the time when the intake port
or scavenging port, respectively, is closed to the time
when the exhaust port is closed.

[0014] According to one embodiment of the invention,
the exhaust gas pressure sensor is located close to said
exhaust port.

[0015] In order to enhance the control of the exhaust
gas pulsation, it is advantageous to provide another ex-
haust gas pressure sensor downstream of said one ex-
haust gas pressure sensor to be able to detect the ex-
haust gas pressure propagation.

[0016] Accordingtoanotherembodiment of the inven-
tion, an exhaust gas temperature sensor is provided
within the exhaust passage downsteam of said one ex-
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haust gas pressure sensor.

[0017] The engine output may be controlled by an en-
gine output adjustment means being feedback control-
led by a control means, said engine output adjustment
means may be an ignition timing changing means, a fuel
supply adjustment device, a throttle opening adjustment
device or a variable harmonic length device adapted for
changing the length of an exhaust pipe.

[0018] According to a further embodiment of the in-
vention, the engine control means is adapted to calcu-
late the velocity of reflected waves of exhaust gas by
using detected signals of said first and second pressure
sensors.

[0019] Itis a further objective of the present invention
to provide an improved method of controlling an internal
combustion engine as indicated above which always fa-
cilitates the control of an exhaust gas pulsation and the
enhancement of high engine performance.

[0020] According to the invention, this objective is
solved for a method of controlling an internal combus-
tion engine as indicated above in that said detected ex-
haust gas pressure values are summed up at least for
a time period from the time when the intake port or scav-
enging port respectively, is closed to the time when the
exhaust port is closed.

[0021] According to an embodiment of the invention,
there is provided a control means which is a part of said
engine control means performing feedback control of an
engine output adjustment means so that the summed
up values of said exhaust gas pressures calculated by
said control means becomes as large as possible.
[0022] According to still a further embodiment of the
invention, said engine output adjustment means is an
ignition timing changing device being controlled by
measuring a throttle opening and an engine speed,
whereby said measure values being compared with pre-
determined values. When said comparison is negative
a control value is determined from that throttle opening
and engine speed, and when said compression is pos-
itive a sum value is calculated from said pressure values
and then a control value is determined from said throttle
opening and engine speed to finally control said ignition
timing changing means.

[0023] This invention is not only applicable to 2-cycle
stoke internal combustion engines but also to 4-cycle
stroke internal combustion engines.

[0024] Further, this invention not only facilitates a re-
liable control of exhaust gas pulsation, but also a high
engine performance by detecting the maximum exhaust
gas pressure within the exhaust pipe.

[0025] Other preferred embodiments of the present
invention are laid down in further dependent claims.
[0026] According to the invention, there are provided,
a pressure sensor for detecting exhaust gas pressure
flowing through an exhaust passage, the pressure sen-
sor being disposed in the vicinity of an exhaust port of
the exhaust passage which is open to a combustion
chamber, and a control means which sums up values of
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the exhaust gas pressure, at least for a period of time
from the time when the intake or scavenging port, re-
spectively, is closed to the time when the exhaust port
is closed, for example, by a piston in the case of a 2-cy-
cle stroke engine moving from the bottom dead center
toward the top dead center, by inputting signals detected
with the pressure detection sensor.

[0027] With the sum value obtained with the above
controller, in contrast to the single value detected at a
specified crank angle with the conventional pressure de-
tection arrangementin which only one detection is made
for every rotation of the crank, having a high possibility
of errors, a more accurate average exhaust gas pres-
sure value is obtained for a crank angle range extending
before and after the specified crank angle.

[0028] With the sum value described above, for in-
stance in relation to the piston stroke volume in the en-
gine, a more accurate mean effective pressure can be
calculated.

[0029] Another feature is that since the pressure de-
tection sensor detects the pressure of the exhaust gas
flowing through the exhaust passage, in comparison
with the conventional arrangement in which the pres-
sure in the combustion chamber is directly detected,
burden of pressure and heat from the exhaust gas on
the pressure detection sensor is smaller, and according-
ly the pressure detection sensor can be fabricated more
easily at a lower cost.

[0030] Inthe above case, it may also be arranged that
the control means performs feedback control of the out-
put adjustment means so that the sum value calculated
by the operation state detection device for the 2-cycle
stroke and 4-cycle stroke engine becomes as great as
possible.

[0031] Thus, by the sum value of the pressure values
of the exhaust gas, the average pressure value P in the
crank angle range extending before and after the spec-
ified crank angle is detected, the pulsation state of the
exhaust gas is detected more accurately, the sum value
is increased, the mean effective pressure which can be
calculated from the sum value is increased, output state
of the engine is controlled more effectively, and the re-
flected waves are utilized more effectively.

[0032] As a result, the engine performance is im-
proved more effectively.

[0033] The engine output adjustment means may be
an ignition timing changing means which changes the
ignition timing.

[0034] Accordingly, the reflected waves of the ex-
haust gas pulsation is utilized more effectively and the
engine performance is improved more effectively.
[0035] In the following, the present invention is ex-
plained in greater detail with respect to several embod-
iments thereof in conjunction with the accompanying
drawings, wherein:

Figure 1 is an overall side view of a motorcycle;
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Figure 2 is a partially enlarged cross-section of fig-
ure 1;

Figure 3 is a diagram of relationship between the
crank angle and opening and closing of the exhaust
and scavenging ports;

Figure 4 is a graph of relationship between the
crank angle and the reflected wave pressures;

Figure 5 is a graph of relationship between the sum
value of the exhaust gas pressure values and the
mean effective pressure;

Figure 6 is a flow chart of the controller;
Figure 7 is a flow chart of the controller; and

Figure 8 is a map of relationship between the engine
operation state and the control values.

[0036] Although in the following, embodiments ac-
cording to the invention will be described with respect
to a 2-cycle stroke internal combustion engine, this in-
vention is of course applicable to 4-cycle stroke internal
combustion engines.

[0037] In FIGs. 1 and 4, an upstream side sensor
(pressure detection sensor) 64 is provided for detecting
the pressure value P of the exhaust gas 62 flowing
through the exhaust passage 54 in the vicinity of the ex-
haust port 54a of the exhaust passage 54 which is open
to the combustion chamber 48 , and a controller 68 is
provided for calculating the sum of values of the pres-
sure P detected with the upstream side sensor (pres-
sure detection sensor) 64 at least for a period of time
from the time when a scavenging port 52a is closed to
the time when the exhaust port 54a is closed by a piston
45 moving from the bottom dead center toward the top
dead center, by inputting signals detected with the up-
stream side sensor (pressure detection sensor) 64 .
[0038] In contrast to the conventional arrangement in
which the upstream side sensor (pressure detection
sensor) 64 performs only one detection for each rotation
of an engine 23 at a specified crank angle and errors in
the detected values are likely to occur, with the sum val-
ue IP calculated with the controller 68 , a more accurate
average pressure value of the exhaust gas 62 can be
detected for a range extending before and after the
specified crank angle.

[0039] Anotherfeature is that since the upstream side
sensor (pressure detection sensor) 64 detects the pres-
sure value P of the exhaust gas 62 flowing through the
exhaust passage 54 , in comparison with the conven-
tional arrangement in which the pressure in the combus-
tion chamber 48 is directly detected, burden of pressure
and heat from the exhaust gas 62 on the upstream side
sensor (pressure detection sensor) 64 is smaller.
[0040] In the above case, it may be arranged that the
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controller 68 of the operating state detection device for
the 2-cycle stroke engine 23 performs feedback control
of the engine output adjustment means 67 so that the
sum value IP calculated with the controller 68 becomes
as great as possible.

[0041] In this way, the average pressure value of the
exhaust gas 62 for a range extending before and after
the specified crank angle is detected, the pulsation state
of the exhaust gas 62 is detected, the sum value IP is
increased, a mean effective pressure P, which can be
calculated from the sum value IP, increases, control of
the output state of the engine 23 is made more effective,
and the reflected waves of the exhaust gas pulsation
are utilized more effectively.

[0042] Alternatively, the engine 23 ignition timing
changing means (output adjustment means) may be an
ignition timing changing device 67 .

[0043] With such an arrangement, the arrival timing
of the reflected waves of the exhaust gas pulsation at
the exhaust port 54a of the exhaust passage 54 can be
controlled more directly.

Embodiment

[0044] An embodiment of this invention will be de-
scribed in reference to the appended drawings.

[0045] FIG. 1 shows a motorcycle 1 as an example of
a riding type vehicle with the arrow (Fr) denoting its ad-
vancing direction. As used herein, the terms right and
left are in the sense with respect to the width of the ve-
hicle. The road surface on which the motorcycle 1 can
run is shown as 2.

[0046] A chassis 3 of the motorcycle 1 has a chassis
frame 4 . The chassis frame 4 has a head pipe 5 from
which extend paired right and left main frames 6 oblique-
ly back downward. From the extended ends of the main
frames 6 further extend seat pillar tubes 7 . From the
front under sides of the main frames 6 extend down
tubes 8 obliquely back downward. The extended ends
of the down tubes 8 and the extended ends of the seat
pillar tubes 7 are joined together.

[0047] From the rear parts of the main frames 6 ex-
tend seat rails 10 which are supported by paired right
and left back stays 11 on the seat pillar tubes 7 . The
area where the back stays 11 and the seat pillar tubes
7 are joined together constitutes a rear arm bracket 12 .
[0048] The head pipe 5 supports a front fork 14 to be
freely steered. At the lower end of the front fork 14 is
pivoted a front wheel 15 . A front fender 16 is secured
at a vertically middle point on the front fork 14 to cover
the front wheel 15 . At the top end of the front fork 14
are attached handle bars 17.

[0049] Rear arms 19 are pivoted for vertical swing by
a pivot shaft 18 on the bracket 12 . At the swinging ends
of the rear arms 19 is pivoted a rear wheel 20 . Dampers
21 are interposed between the seat rails 10 and the rear
arms 19 .

[0050] In a space surrounded by the main frames 6 ,
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seat pillar tubes 7, and down tubes 8, or within the
chassis frame 4 , is installed an internal combustion en-
gine 23 . The engine 23 is of the 2-cycle stroke type
comprising a crankcase 24 , and a cylinder 25 projecting
obliquely up forward, and is detachably supported on
the chassis frame 4 by means of tightening means. A
power transmission device 26 is connected to the rear
surface of the crankcase 24 . The rear wheel 20 is con-
nected through a chain transmission mechanism 27 to
the output side of the power transmission device 26.
[0051] Behind the cylinder 25 are arranged a reed
valve 28 , an intake pipe 29, a carburettor 30, and an
air cleaner 31. The carburettor 30 is provided with a
throttle valve. To the front surface of the cylinder 25 is
connected one end of an exhaust pipe 33 . The other
end side of the exhaust pipe 33 extends rearward near
and under the down tube 8 and its rear end is connected
to a silencer 34 .

[0052] A fueltank 35 is supported on the main frames
6 from which fuel is supplied to the carburettor 30 . A
seat 36 is supported on the seat rails 10 . Side covers
37 are provided to cover both sides of the rear part of
the chassis 3.

[0053] As the engine 23 drives the rear wheel 20
through the power transmission device 26 and the chain
transmission mechanism 27 , the motorcycle 1 is driven
forward on the road 2 .

[0054] As shownin FIG. 2, a crankshaft 41 is housed
and supported in a crank chamber 40 in the crankcase
24 of the engine 23 so as to be freely rotatable about its
axis.

[0055] The cylinder 25 of the engine 23 has a cylinder
body 43 having a cylinder bore 42 with its axis generally
vertical, and a cylinder head 44 placed on the projecting
end of the cylinder body 43 . A piston 45 is installed in
the cylinder bore 42 for free vertical sliding and connect-
ed to the crankshaft 42 through a connecting rod 46 .
[0056] When the piston 45 comes near the cylinder
head 44 to some extent, the space in the cylinder bore
42 surrounded by the cylinder head 44 and the piston
45 becomes a combustion chamber 48 . The cylinder
head 44 is provided with an spark plug 49 and a dis-
charge portion of the spark plug 49 faces the combus-
tion chamber 48 .

[0057] In the rear upper part of the crankcase 24 is
formed an intake port 51 communicating to the reed
valve 28 . In the cylinder body 43 around the cylinder
bore 42 is formed a scavenging passage 52 for making
communication between the crank chamber 40 and the
combustion chamber 48 . Part of the scavenging pas-
sage 52 which is open to the combustion chamber 48 is
the scavenging port 52a. An exhaust passage 54 is pro-
vided at the front part of the cylinder body 43 to make
communication between the combustion chamber 48
and the exhaust passage 53 in the exhaust pipe 33. Part
of the exhaust passage 54 which is open to the com-
bustion chamber 48 is the exhaust port 54a .

[0058] The spark plug 49 is electrically connected

10

15

20

25

30

35

40

45

50

55

(hereinafter simply referred to as connected) to an elec-
tronic ignition circuit 56 which is in turn connected to an
electronic engine controller 57. A crank angle detection
sensor 58 is also provided for detecting the crank angle
of the crankshaft 41 and also connected to the electronic
engine controller 57.

[0059] In FIGs 2 and 3, while the engine 23 is in op-
eration and the piston 45 moves from the bottom dead
center on the crankshaft 41 side (the position shown
with phantom lines in FIG. 1 or the 180° position in FIG.
3) toward the combustion chamber 48 (between 180°
and 270° in FIG. 3), first the scavenging port 52a is
closed by the piston 45 and then the exhaust port 54a
is closed. While the piston 45 moves toward the com-
bustion chamber 48 , the pressure in crank chamber 40
becomes negative so that external air 59 is introduced
as intake air 60 through the air cleaner 31 into the car-
burettor 30 .

[0060] To the intake air 60 is supplied fuel by the car-
burettor 30 to produce mixture 61 which is drawn
through the intake pipe 29 and the reed valve 28 into
the crank chamber 40. This step is the "intake process."
[0061] When the piston 45 further moves toward the
combustion chamber 48 after the scavenging port 52a
and the exhaust port 54a are closed, the mixture 61
which has been drawn into the combustion chamber 48
is compressed. This step is the "compression process."
[0062] The spark producing portion of the spark plug
49 produces a spark in response to an output signal from
the ignition circuit 56 controlled by the engine controller
57 at a desired crank angle or a desired ignition timing
detected by the crank angle detection sensor 58 imme-
diately before the piston reaches the top dead center
(the position shown with solid lines in FIG. 2 or 0° posi-
tion in FIG. 3).

[0063] By the movement of the piston 45 toward the
crank chamber 40, the mixture 61 which has been
drawn into the crank chamber 40 is preliminarily com-
pressed. At this time, the reed valve 28 is closed by the
pressure in the crank chamber 40 .

[0064] During the movement of the piston 45 toward
the crank chamber 40 (between 90° and 180° in FIG.
3), first the exhaust port 54a is opened. Then, burnt gas
of the mixture 61 as the exhaust gas 62 is discharged
from the combustion chamber 48 through the exhaust
port 54a and the exhaust passage 54 . This step is the
"exhaust process." The exhaust gas 62 is discharged
outside through the exhaust passage 53 in the exhaust
pipe 33.

[0065] When the piston 45 moves toward the crank
chamber 40 and the exhaust port 54a is opened as de-
scribed above, next the scavenging port 52a is opened.
Then, the mixture 61 which has been compressed as
described above, is forced through the scavenging pas-
sage 52 into the combustion chamber 48 and pushes
out part of the burnt gas remaining in the combustion
chamber 48 to the exhaust passage 54 while filling the
combustion chamber 48 with the mixture 61 . This step
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is the "scavenging process." After that, the piston 45
moves toward the bottom dead center.

[0066] From the state described above, the piston 45
moves again toward the combustion chamber 48 and
thereafter the steps described above are repeated to ro-
tate the crankshaft 41 . Through the rotation of the
crankshaft 41 the engine 23 outputs its power which is
transmitted through the power transmission device 26
and the chain transmission mechanism 27 to the rear
wheel 20.

[0067] Fig. 2 shows a control means or an operation
controller for the engine 23 forimproving the engine per-
formance by utilizing reflected waves of pulsation of the
exhaust gas from the engine 23 .

[0068] The above controller is provided with a pres-
sure detection sensor 63 comprising an upstream side
sensor 64 located in the vicinity of the exhaust port 54a
which is the upstream end of the exhaust passage 54 ,
and a downstream side sensor 65 located in the vicinity
of the upstream side end of the exhaust passage 53 of
the exhaust pipe 33 . The upstream side sensor 64 and
the downstream side sensor 65 are apart from each oth-
er by a small distance in the longitudinal direction of the
exhaust passage 53.

[0069] An ignition timing changing device 67 is pro-
vided as output adjustment means for the engine 23,
comprising the ignition circuit 56 , a controller 68 which
constitutes part of the engine controller 57, and the
crank angle detection sensor 58. The controller 68 per-
forms feedback control of the ignition timing changing
device 67 based on the detected signals from the pres-
sure detection sensor 63.

[0070] An engine speed sensor 70 is provided for de-
tecting the speed N or the number of revolutions per unit
time of the crankshaft 41 of the engine 23 and connected
to the controller 68 of the engine controller 57. An ex-
haust temperature sensor 74 is also provided for detect-
ing the temperature of the exhaust gas 62 flowing
through the exhaust passages 53, 54.

[0071] Pressures of the exhaust gas are detected by
the upstream side sensor 64 and the downstream side
sensor 65 of the pressure detection sensor 63 and the
detected signals are input to the controller 68 . Here,
from the signals of the upstream side sensor 64 and the
downstream side sensor 65, determination is made
whether the pressure of the exhaust gas 62 is (advanc-
ing pressure) in the same direction as that of the flow of
the exhaust gas 62 or the pressure is that of the reflected
waves (reverse pressure) traveling in the opposite di-
rection of the flow of the exhaust gas 62, and only the
pressure of the reflected waves is detected by the up-
stream side sensor 64 .

[0072] Referring to FIGs. 3 and 4, values of the pres-
sure P over the range © from the closure of the scav-
enging port 52a to the closure of the exhaust port 54a
by the piston 45 moving from the bottom dead center
toward the top dead center are input by means of the
detected signals of the upstream side sensor 64 and
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summed up by the controller 38 and the sum value IP,
(the hatched portion in FIG. 4) is output. Here, the up-
stream side sensor 64 and the controller (68) detect the
pressure value P of the exhaust gas 62 as an example
of the operating state of the engine 23 , and constitute
an operating state detection device for the 2-cycle en-
gine.

[0073] Inthe above case, the closure of the scaveng-
ing port 52a and the exhaust port 54a may mean any
crank angle between start and finish of the closure, and
the summing period may be at least a certain part of
period O from the closure of the scavenging port 52a to
the closure of the exhaust port 54a.

[0074] In contrast to the conventional arrangement in
which the pressure sensor 54 performs only one detec-
tion for each rotation of the crank at a specified crank
angle and errors in the detected values are likely to oc-
cur, with the sum value IP calculated with the controller
68 , a more accurate average pressure value of the ex-
haust gas 62 can be detected for a range extending be-
fore and after the specified crank angle.

[0075] With the sum value IP , forinstance in relation
to the piston stroke volume in the engine 23 , as shown
in FIG. 5, a more accurate mean effective pressure P,
can be calculated.

[0076] Another feature is that since the upstream side
sensor 64 detects the pressure value P of the exhaust
gas 62 flowing through the exhaust passage 54 , in com-
parison with the conventional arrangement in which the
pressure in the combustion chamber 48 is directly de-
tected, burden of pressure and heat from the exhaust
gas 62 on the upstream side sensor 64 is smaller.
[0077] FIGs. 6 and 7 show flow charts for the control-
ler 68 for the ignition timing changing device 67 for steps
P-1 through P-22 . In the drawings, combinations of (1)
and (1), (2) and (2), and (3) and (3) are respectively con-
nected together.

[0078] Regarding the controller 68 , firstin the step P-
2in FIG. 6, an initial setting is made. That is, the sum
value IP, is made 0, the flag is made 0, and A is made
1 (A=1).

[0079] Inthe step P-3, if the engine 23 is determined
to be at rest on the basis of signals detected by the en-
gine speed sensor 70 , etc., a misfire handling is carried
out P-4 and the engine controller 57 is turned off P-5.
[0080] If the engine 23 is determined to be in opera-
tion in the step P-3 above, throttle opening S of the car-
burettor 30 is measured by the throttle opening sensor
71 and at the same time the engine speed N is meas-
ured by the engine speed sensor 70 .

[0081] If the step P-8 determines that the rate of
change in the throttle opening S is greater than a spec-
ified value, or that acceleration is rapid, and if the step
P-9 determines that the throttle opening S is less than
medium, and further the step P-10 determines that the
engine speed N is less than medium, namely if the steps
P-8 through P-10 determine that the engine 23 is in the
state of low speed, low load range, the step P-11 deter-
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mines from the map of FIG. 8 a control value a to be
employed on the basis of the throttle opening S and the
engine speed N.

[0082] Next, the flag is made O in the step P-12.
[0083] Next, in the step P-13, the ignition timing
changing device 67 as output adjustment means is ac-
tuated to produce the control value a .

[0084] If the ignition timing is advanced by the actua-
tion of the ignition timing changing device 67 , the tem-
perature of the exhaust gas S2 discharged from the
combustion chamber 48 into the exhaust passage 54
lowers and the sound velocity in the exhaust passage
54 lowers, and the arrival time of the reflected waves of
the exhaust gas 62 flowing from the downstream side
of the exhaust passage 54 toward the exhaust port 54a
is delayed. As aresult, the reflected waves are made to
arrive at specified arrival time and effectively utilized for
the operation of the engine 23 at that time, and the en-
gine performance is improved.

[0085] On the other hand, if the ignition timing is de-
layed by the actuation of the ignition timing changing
device 67 , the temperature of the exhaust gas 62 dis-
charged from the combustion chamber 48 into the ex-
haust passage 54 rises and the sound velocity in the
exhaust passage 54 increases, and the arrival time of
the reflected waves of the exhaust gas 62 flowing from
the downstream side of the exhaust passage (54) to-
ward the exhaust port 54a is advanced. As a result, the
reflected waves are made to arrive at specified arrival
time and effectively utilized for the operation of the en-
gine 23 at that time, and the engine performance is im-
proved.

[0086] After the step P-13 is carried out, the control
returns to the step P-3 of FIG. 6 described above.
[0087] If the step P-8 determines that the rate of
change in the throttle opening S is not greater than a
specified value, or that acceleration is moderate, and if
the step P-9 determines that the throttle opening S is
not less than medium, and further the step P-10 deter-
mines that the engine speed N is not less than medium,
namely if the steps P-8 through P-10 determine that the
engine 23 is in the state of high speed, high load range,
the step P-14 of FIG. 7 calculates the sum value IP, from
the pressure values P of the exhaust gas 62 detected
by the upstream side sensor 64 .

[0088] Next, the step P-15 determines whether the
flag is 1. In this case, since the flag is 0 in the step P-2,
the step P-16 is carried out to make the flag 1.

[0089] Next, the step P-17 carries out the same pro-
gram as in the step (p-11) to determine a control value
(a). Next the step P-18 is carried out. In this case, since
A is made 1 in the step P-2, the control value a is in-
creased by a small amount Aa in the step P-18. The
increased control value is used as a corrected control
value a and the step P-13 is carried out.

[0090] Inthe above step P-15, since the flag is made
1 in the step p-16, the step P-19 is carried out. In the
step P-19, the difference between the previous IP and
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the current IP, or the amount of change AIP is deter-
mined (AIP = IP,).

[0091] Next, if the step P-20 determines that the
amount of change AIP is not greater than a specified
value b, it is determined as shown in FIG. 5, that the
sum value IP is almost at the maximum value, the cor-
rected control value a made in th step P-18 is main-
tained, and the step P-13 is carried out.

[0092] On the other hand, if the amount of change AIP
is determined to be greater than the specified value b in
the step P-20, and if the amount of change AIP is de-
termined to be greater than 0 in the step P-21 , the step
P-18 is carried out. However, if the amount of change
AlP is determined to be 0, A is made -1 in the step P-22
and the step P-18 is carried out. If the amount of change
AlP is determined to be 0 in the step P-21, A is made
-1 in the step P-22 and the step P-18 is carried out. In
this case, the control value a is decreased by a small
amount Aa and the reduced value a is used as a cor-
rected control value a , and the step P-13 is carried out.
[0093] Through the above steps P-18 to P-22, the
sum value IP, is controlled to become almost the max-
imum value, or controlled to take a greater possible val-
ue.

[0094] Thus, by the sum value IP, of the pressure val-
ue P of the exhaust gas 62 , the average pressure value
P in the crank angle range extending before and after
the specified crank angle is detected, the pulsation state
of the exhaust gas 62 is detected more accurately, the
sum value IP is increased, the mean effective pressure
P, which can be calculated from the sum value IP is
increased, output state of the engine 23 is controlled
more effectively, and the reflected waves are utilized
more effectively.

[0095] In FIG. 1, the upstream side sensor 64 is dis-
tant from the exhaust port 54 in the longitudinal direction
of the exhaust passage 54 . The temperature of the ex-
haust gas 62 changes. The arrival time of the pressure
of the exhaust gas 62 detected by the upstream side
sensor 64 as the reflected waves at the exhaust port
54a is calculated by the controller 68 into which the sig-
nals detected with the exhaust gas temperature sensor
74 and by the above-mentioned distance are input.
[0096] Furthermore, the upstream side sensor 64 and
the downstream side sensor (65) are apart from each
other in the longitudinal direction of the exhaust passag-
es 53, 54 . Velocity of the reflected waves is calculated
by the controller 68 using the detected signals from the
two sensors 64, 65 . The arrival time of the pressure of
the exhaust gas 62 detected by the upstream side sen-
sor 64 as the reflected waves at the exhaust port 54a is
calculated by the controller 68 into which the values de-
tected by the upstream side sensor 64 and the down-
stream side sensor 65 are input.

[0097] The pressure values of the reflected waves
which are deemed to have arrived at the exhaust port
54a as described above are summed up as the IP, .
[0098] The output adjustment device described
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above in reference to the drawings may be a fuel supply
adjustment device which makes the fuel feed rate to the
engine 23 variable, or a throttle opening adjustment de-
vice, or a variable harmonic length device which makes
exhaust pipe length variable, or their combinations. Ei-
ther of the upstream side sensor 65 and the exhaust
temperature sensor 74 may be omitted.

Claims

1. An internal combustion engine comprising at least
one cylinder slidingly receiving a reciprocable pis-
ton and having an intake passage opening into said
cylinder via an intake port, and an exhaust passage
opening into said cylinder via an exhaust port, an
engine control means receiving signals from an op-
eration condition detection device having at least
one first exhaust gas pressure sensor associated
to the exhaust passage (54) and adapted to detect
an exhaust gas pressure therein, characterized in
that said engine control means (57) is adapted to
sum up exhaust gas pressure values detected, at
least for a period of time from the time when the
intake port or scavenging port (51,52a) respective-
ly, is closed to the time when the exhaust port (54a)
is closed.

2. An internal combustion engine according to claim
1, characterized in that said first exhaust gas pres-
sure sensor (64) is located close to said exhaust
port (54a).

3. Aninternal combustion engine according to claim 1
or 2, characterized by a second pressure sensor
(65) within said exhaust passage (54) downstream
of said first pressure sensor (64).

4. Aninternal combustion engine according to at least
one of claims 1 to 3, characterized by an exhaust
temperature sensor (74) within said exhaust pas-
sage (54) downstream of said first pressure sensor
(64).

5. Aninternal combustion engine according to at least
one of claims 1 to 4, characterized in that an en-
gine output adjustment means (67) is provided be-
ing feedback controlled by a control means (68)
both being part of said engine control means (57).

6. An internal combustion engine according to claim
5, characterized in that said engine output adjust-
ment means is an ignition timing changing means
(67), a fuel supply adjustment device, a throttle
opening adjustment device or a variable harmonic
length device adapted for changing the exhaust
pipe length.
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10.

1.

12.

13.

14.

An internal combustion engine according to at least
one of claims 1 to 6, characterized in that a spark
plug (49) is connected to an electronic ignition cir-
cuit (56) in turn connected to and controlled by said
engine control means (57).

An internal combustion engine according to at least
one of claims 1 to 7, characterized in that a crank
angle detection sensor (58) is provided connected
to said engine control means (57).

An internal combustion engine according to claim
8, characterized in that said engine controller (57)
is adapted to initiate an ignition via said spark plug
(49) at a desired crank angle or a desired ignition
timing, in particularimmediately before the top dead
center of said piston (45).

An internal combustion engine according to at least
one of claims 1 to 9, characterized by an engine
speed sensor (70) for detecting the speed (N) or the
number of revolutions per unit time of a crankshaft
of said engine (23).

An internal combustion engine according to at least
one of claims 1 to 10 characterized in that said
engine control means (57) is adapted to determine
a control value by means of detected operation val-
ues in conjunction with stored values.

An internal combustion engine according to at least
one of claims 3 to 11, characterized in that said
engine control means (57) is adapted to calculate
the velocity of reflected waves of exhaust gas (62)
by using detected signals of said first and second
pressure sensors (64, 65).

An internal combustion engine according to claim
12, characterized in that said engine controller
(57) is adapted to sum up detected pressure values
of said reflected waves.

Method of controlling an internal combustion engine
comprising at least one cylinder slidingly receiving
a reciprocable piston and having an intake passage
opening into said cylinder via an intake port and an
exhaust passage opening into said cylinder via an
exhaust port, an engine control means connected
with an operation condition detection device having
at least one first exhaust gas pressure sensor, com-
prising the steps of detecting an exhaust gas pres-
sure, processing the detected exhaust gas pres-
sure values and outputting a control signal for con-
trolling said engine, characterized in that said de-
tected exhaust gas pressure values are summed up
at least for a time period from the time when the
intake port or scavenging port (51;52a) respective-
ly, is closed to the time when the exhaust port (54a)
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is closed.

Method according to claim 14, characterized in
that said first exhaust gas pressure sensor (64) is
located close to said exhaust port (54a).

Method according to claim 15, characterized in
that another exhaust gas pressure value is detect-
ed within said exhaust passage (54) by a second
exhaust gas pressure sensor (65) located down-
stream of said first exhaust gas pressure sensor
(64).

Method according to at least one of the claims 14
to 16, characterized in that within said exhaust
passage (54) an exhaust gas temperature is detect-
ed by an exhaust temperature sensor (74) located
downstream of said first exhaust gas pressure sen-
sor (64).

Method according to at least one of the claims 14
to 17, characterized in that a control means (68)
which is a part of said engine control means (57)
performs feedback control of an engine output ad-
justment means (67) so that the summed up values
of said exhaust gas pressures calculated by said
control means (68) becomes as large as possible.

Method according to claim 18, characterized in
that said control means (68) controls the engine
output by controlling an ignition timing changing
means (67), a fuel supply adjustment device, a
throttle opening adjustment device or a variable
harmonic length device which changes the length
of an exhaust pipe (33).

Method according to claim 19, characterized in
that said ignition timing changing means (67) is
controlled by measuring a throttle opening and an
engine speed (N), comparing said measure values
with predetermined values, and when said compar-
ison is negative determining a control value from
that throttle opening and engine speed (N), when
said comparison is positive calculating a sum value
(IPo) from said pressure values (P) and determining
a control value from said throttle opening and en-
gine speed, and then controlling said ignition timing
changing means (67).

Method according to claim 20, characterized in
that said comparison is carried out as follows,
checking whether the rate of variation in throttle
opening is below a specified value, if no determining
said control value, if yes checking whether said
throttle opening is at middle opening or more, if no
determining said control value, if yes checking
whether said engine speed is at middle speed or
more, if no determining said control value, if yes cal-

]
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culating said sum value (IPo) of said pressure val-
ues (P).

Patentanspriiche

1.

Eine Brennkraftmaschine mit zumindest einem Zy-
linder, der gleitbar einen hin- und herbewegbaren
Kolben aufnimmt und der einen Einla3kanal hat,
der sich in diesen Zylinder lber eine Einlal6ffnung
offnet, und einen AuRlaRkanal hat, der sich in die-
sen Zylinder Uber eine AuslaRoffnung 6ffnet, einer
Motorsteuereinrichtung, die Signale von einer Be-
triebsbedingungs-Erfassungsvorrichtung auf-
nimmt, die zumindest einen ersten Abgasdrucksen-
sor, verbunden mit dem Abgaskanal (54) aufweist
und vorgesehen, um einen Abgasdruck darinnen zu
erfassen, dadurch gekennzeichnet, daR die Mo-
torsteuereinrichtung (57) vorgesehen ist, die
erfalten Abgasdruckwerte aufzusummieren, zu-
mindest eine Zeitspanne von dem Zeitpunkt, wenn
die EinlaRoéffnung oder Spiléffnung (51, 52a) je-
weils geschlossen ist, bis zu dem Zeitpunkt, wenn
die Abgaséffnung (54a) geschlossen ist.

Eine Brennkraftmaschine nach Anspruch 1, da-
durch gekennzeichnet, daB der erste Abgas-
drucksensor (64) nahe zu der Abgasoffnung (54a)
angeordnet ist.

Eine Brennkraftmaschine nach Anspruch 1 oder 2,
gekennzeichnet durch einen zweiten Drucksen-
sor (65) innerhalb des Abgaskanals (54), stromab
des ersten Drucksensors (64).

Eine Brennkraftmaschine nach zumindest einem
der Ansprliche 1 bis 3, gekennzeichnet, durch ei-
nen Abgastemperatursensor (74) innerhalb des Ab-
gaskanales (54) stromab des ersten Drucksensors
(64) ist.

Eine Brennkraftmaschine nach zumindest einem
der Anspriiche 1 bis 4, dadurch gekennzeichnet,
daB ein Motorleistung-Einstelleinrichtung (67) vor-
gesehen ist, die durch eine Steuereinrichtung (68)
rickkopplungsgesteuert ist, wobei beide Teil der
Motorsteuereinrichtung (57) sind.

Eine Brennkraftmaschine nach Anspruch 5, da-
durch gekennzeichnet, daB die Motorleistungs-
Einstelleinrichtung (67) eine Ziindzeitpunkt-Veran-
derungseinrichtung (67), eine Kraftstoffzuftihr-Ein-
stellvorrichtung, eine Drosseldffnung-Einstellvor-
richtung oder ein variable harmonische Langenvor-
richtung ist, vorgesehen zum Verandern der Abgas-
rohrlénge.

Eine Brennkraftmaschine nach zumindest einem
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der Anspriiche 1 bis 6, dadurch gekennzeichnet,
daB eine Zindkerze (49) mit einem elektronischen
Zlundschaltkreis (56) verbunden ist, der seinerseits
verbunden ist mit und gesteuert wird durch die Mo-
torsteuereinrichtung (57).

Eine Brennkraftmaschine nach zumindest einem
der Anspriche 1 bis 7, dadurch gekennzeichnet,
daB ein Kurbelwinkel-Erfassungssensor (58) vor-
gesehen ist, verbunden mit der Motorsteuereinrich-
tung (57).

Eine Brennkraftmaschine nach Anspruch 8, da-
durch gekennzeichnet, daB die Motorsteuerein-
richtung (57) vorgesehen ist, um eine Ziindung Gber
die Ziindkerze (49) bei einem gewilinschten Kurbel-
winkel oder einem gewilnschten Zindzeitpunkt zu
initiileren, insbesondere unmittelbar vor dem oberen
Totpunkt des Kolbens (45).

Eine Brennkraftmaschine nach zumindest einem
der Anspriiche 1 bis 9, gekennzeichnet durch ei-
nen Motordrehzahlsensor (70) zum Erfassen der
Drehzahl (N) oder der Anzahl der Umdrehungen pro
Minute einer Kurbelwelle des Motors (23).

Eine Brennkraftmaschine nach zumindest einem
der Anspriiche 1 bis 10, dadurch gekennzeichnet,
daB die Motorsteuereinrichtung (57) vorgesehen
ist, um einen Steuerwert durch erfal3te Betriebswer-
te in Verbindung mit gespeicherten Werten zu be-
stimmen.

Eine Brennkraftmaschine nach zumindest einem
der Anspriiche 3 bis 11, dadurch gekennzeichnet,
daB die Motorsteuereinrichtung (57) vorgesehen
ist, um die Geschwindigkeit der reflektierten Wellen
des Abgases (62) durch Verwendung erfal3ter Si-
gnale des ersten und zweiten Drucksensors (64,65)
zu berechnen.

Eine Brennkraftmaschine nach Anspruch 12, da-
durch gekennzeichnet, daB die Motorsteuerein-
richtung (57) vorgesehen ist, die erfal3ten Druck-
werte der reflektierten Wellen aufzusummieren.

Verfahren der Steuerung einer Brennkraftmaschi-
ne, mit zumindest einem Zylinder, der gleitbar einen
hin- und herbewegten Kolben aufnimmt und einen
EinlaBkanal, der sich in den Zylinder lber eine Ein-
laRoéffnung 6ffnet und einen AuslalRkanal, der sich
in den Zylinder Uber eine AuslaR6ffnung 6ffnet, ei-
ner Motorsteuereinrichtung, verbunden mit einer
Betriebszustand-Erfassungsvorrichtung, die zu-
mindest einen ersten Abgasdrucksensor hat, mit
den Schritten der Erfassung eines Abgasdruckes,
Verarbeiten der erfalRten Abgasdruckwerte und
Ausgeben eines Steuersignales zur Steuerung des
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Motors, dadurch gekennzeichnet, daB die
erfalten Abgasdruckwerte zumindest fir eine Zeit-
dauer von dem Zeitpunkt, wenn jeweils die EinlaR-
6ffnung oder Spuléffnung (51, 52a) geschlosseniist,
bis zu dem Zeitpunkt, wenn die Abgaséffnung (54a)
geschlossen ist.

Verfahren nach Anspruch 14, dadurch gekenn-
zeichnet, daB der erste Abgasdrucksensor (64) na-
he zu der Auspufféffnung angeordnet ist.

Verfahren nach Anspruch 15, dadurch gekenn-
zeichnet, daB ein weiterer Abgasdruckwert inner-
halb des Abgaskanales (54) durch einen zweiten
Abgasdrucksensor (65) erfal3t wird, der stromab-
warts des ersten Abgasdrucksensors (64) angeord-
net ist.

Verfahren nach zumindest einem der Anspriiche 14
bis 16, dadurch gekennzeichnet, daB innerhalb
des Abgaskanales (54) eine Abgastemperatur
durch einen zweiten Abgastemperatursensor (65),
angeordnet stromabwarts des ersten Abgasdruck-
sensors (64) erfallt wird.

Verfahren nach zumindest einem der Anspriiche 14
bis 17, dadurch gekennzeichnet, daB eine Steu-
ereinrichtung (68), die Teil der Motorsteuereinrich-
tung (57) ist, eine Rickkopplungssteuerung der
Motorausgangsleistung-Erfassungseinrichtung
(67) vornimmt, so daf} die aufsummierten Werte der
Abgasdriicke, berechnet durch die Steuereinrich-
tung (68), so groy wie moglich wird.

Verfahren nach Anspruch 18, dadurch gekenn-
zeichnet, daB die Steuereinrichtung (68) die Mo-
torleistung durch Steuerung einer Ziindzeitpunkt-
Veranderungseinrichtung (67) steuert, einer Kraft-
stoffzufuhr-Einstellvorrichtung, einer Drossel6ff-
nungs-Einstellvorrichtung oder einer variablen har-
monischen Langenvorrichtung, die die Lange des
Abgasrohres (33) verandert.

Verfahren nach Anspruch 19, dadurch gekenn-
zeichnet, daR die Ziindzeitpunkt-Anderungsein-
richtung (67) durch Messen einer Drossel6ffnung
und einer Motordrehzahl (N) gesteuert wird, die
Messwerte mit vorgegebenen Werten verglei-
chend, und wenn der Vergleich negativ ist, einen
Steuerwert aus der Drossel6ffnung und der Motor-
drehzahl (N) bestimmt, und die dann, wenn der Ver-
gleich positiv ist, einen Summenwert (IPy) von den
Druckwerten (P) berechnet und die einen Steuer-
wert von der Drossel6ffnung und Motordrehzahl be-
stimmt, und danach die ZUndzeitpunkt-Anderungs-
einrichtung (67) steuert.

Verfahren nach Anspruch 20, dadurch gekenn-
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zeichnet, daB der Vergleich wie folgt ausgefihrt
wird, Prufen, ob die Rate der Verénderung in der
Drossel6ffnung unter einem bestimmten Wert ist
und, falls nein, Bestimmung des Steuerwertes, falls
ja, Priifen ob die Drosseléffnung auf mittlerer Off-
nung oder mehr ist, falls nein, Bestimmung des
Steuerwertes, falls ja, Priifen, ob die Motordrehzahl
auf einer mittleren Drehzahl oder mehr ist, falls
nein, Bestimmung des Steuerwertes, falls ja, Be-
rechnung des Summenwertes (IP;) der Druckwerte

(P).

Revendications

Moteur a combustion interne comprenant au moins
un cylindre recevant en coulissement un piston a
mouvement alternatif et comportant un passage
d'admission s'ouvrant a l'intérieur dudit cylindre par
un orifice d'admission, et un passage d'échappe-
ment s'ouvrant a l'intérieur dudit cylindre par un ori-
fice d'échappement, des moyens de commande de
moteur recevant des signaux en provenance d'un
dispositif de détection de conditions de fonctionne-
ment comportant au moins un premier détecteur de
pression de gaz d'échappement associé au passa-
ge d'échappement (54) et adapté pour détecter une
pression de gaz d'échappement dans celui-ci,
caractérisé en ce que lesdits moyens de commande
de moteur (57) sont adaptés pour totaliser des va-
leurs de pression de gaz d'échappement détectées,
au moins pendant une période de temps a partir du
moment ou, |'orifice d'admission ou l'orifice de ba-
layage (51, 52a) respectivement, est fermé jus-
qu'au moment ou l'orifice d'échappement (54a) est
fermé.

Moteur a combustion interne selon la revendication
1, caractérisé en ce que ledit premier détecteur de
pression de gaz d'échappement (64) est positionné
a proximité dudit orifice d'échappement (54a).

Moteur a combustion interne selon les revendica-
tions 1 ou 2,

caractérisé par un second détecteur de pression
(65) situé dans ledit passage d'échappement (54)
en aval dudit premier détecteur de pression (64).

Moteur a combustion interne selon au moins l'une
des revendications 1 a 3, caractérisé par un détec-
teur de température d'échappement (74) situé a I'in-
térieur dudit passage d'échappement (54) en aval
dudit premier détecteur de pression (64).

Moteur a combustion interne selon au moins l'une
des revendications 1 a 4, caractérisé en ce que des
moyens de réglage de sortie de moteur (67) sont
fournis et sont commandés par asservissement par
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des moyens de commande (68), tous deux faisant
partie desdits moyens de commande de moteur
(57).

Moteur a combustion interne selon la revendication
5, caractérisé en ce que lesdits moyens de réglage
de sortie de moteur sont des moyens de modifica-
tion du calage de Il'allumage (67), un dispositif de
réglage de I'alimentation en carburant, un dispositif
de réglage de l'ouverture du papillon des gaz ou un
dispositif a longueur harmonique variable adapté
pour modifier la longueur de la tubulure d'échappe-
ment.

Moteur & combustion interne selon au moins l'une
des revendications 1 a 6, caractérisé en ce qu'une
bougie d'allumage (49) est reliée a un circuit d'allu-
mage électronique (56), lui-méme étant relié aux
dits moyens de commande de moteur (57) et com-
mandés par ceux-ci.

Moteur a combustion interne selon au moins l'une
des revendications 1 a 7, caractérisé en ce qu'il
comporte un détecteur d'angle de calage de mani-
velle (58) relié aux dits moyens de commande de
moteur (57).

Moteur a combustion interne selon la revendication
8, caractérisé en ce que ladite unité de commande
de moteur (57) est adaptée pour commencer un al-
lumage par l'intermédiaire de ladite bougie d'allu-
mage (49) a un angle de calage de manivelle sou-
haité ou a un calage de I'allumage souhaité, en par-
ticulier immeédiatement avant le point mort haut du-
dit piston (45).

Moteur a combustion interne selon au moins l'une
des revendications 1 a 9, caractérisé par un détec-
teur de vitesse de rotation du moteur (70) destiné a
détecter la vitesse (N) ou le nombre de tours par
unité de temps du vilebrequin dudit moteur (23).

Moteur a combustion interne selon au moins l'une
des revendications 1 a 10, caractérisé en ce que
lesdits moyens de commande de moteur (57) sont
adaptés pour déterminer une valeur de commande
au moyen de valeurs de fonctionnement détectées
en liaison avec des valeurs stockées.

Moteur a combustion interne selon au moins I'une
des revendications 3 a 11, caractérisé en ce que
lesdits moyens de commande de moteur (57) sont
adaptés pour calculer la vitesse des ondes réflé-
chies des gaz d'échappement (62) en utilisant des
signaux détectés par lesdits premier et second dé-
tecteurs de pression (64, 65).

Moteur a combustion interne selon la revendication
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12, caractérisé en ce que ladite unité de commande
de moteur (57) est adaptée pour totaliser des va-
leurs de pression détectées desdites ondes réflé-
chies.

Procédé de commande d'un moteur a combustion
interne comprenant au moins un cylindre recevant
en coulissement un piston a mouvement alternatif
et comportant un passage d'admission s'ouvrant a
l'intérieur dudit cylindre par un orifice d'admission,
et un passage d'échappement s'ouvrant a l'intérieur
dudit cylindre par un orifice d'échappement, des
moyens de commande de moteur connectés a un
dispositif de détection de conditions de fonctionne-
ment comportant au moins un premier détecteur de
pression de gaz d'échappement, comprenant les
étapes de détection d'une pression de gaz d'échap-
pement, de traitement des valeurs de pression de
gaz d'échappement détectées et de sortie d'un si-
gnal de commande destiné a commander ledit mo-
teur,

caractérisé en ce que lesdites valeurs de pression
de gaz d'échappement détectées sont totalisées au
moins pendant une période de temps a partir du
moment ou l'orifice d'admission ou l'orifice de ba-
layage (51, 52a), respectivement, est fermé jus-
qu'au moment ou l'orifice d'échappement (54a) est
fermé.

Procédé selon la revendication 14, caractérisé en
ce que ledit premier détecteur de pression de gaz
d'échappement (64) est positionné a proximité dudit
orifice d'échappement (54a).

Procédé selon la revendication 15, caractérisé en
ce qu'une autre valeur de pression de gaz d'échap-
pement est détectée a l'intérieur dudit passage
d'échappement (54) par un second détecteur de
pression de gaz d'échappement (65) situé en aval
dudit premier détecteur de pression de gaz
d'échappement (64).

Procédé selon au moins l'une des revendications
14 a 16,

caractérisé en ce qu'une température de gaz
d'échappement est détectée a l'intérieur dudit pas-
sage d'échappement (54) par un détecteur de tem-
pérature d'échappement (74) situé en aval dudit
premier détecteur de pression de gaz d'échappe-
ment (64).

Procédé selon au moins l'une des revendications
14 a 17,

caractérisé en ce que des moyens de commande
(68) qui font partie desdits moyens de commande
de moteur (57) exécutent une commande asservie
des moyens de réglage de sortie de moteur (67),
de sorte que les valeurs totalisées desdites pres-
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sions de gaz d'échappement calculées par lesdits
moyens de commande (68) deviennent aussi gran-
des que possible.

Procédé selon la revendication 18, caractérisé en
ce que lesdits moyens de commande (68) comman-
dent la sortie du moteur en commandant des
moyens de modification de calage de l'allumage
(67), un dispositif de réglage de I'alimentation en
carburant, un dispositif de réglage de I'ouverture du
papillon des gaz ou un dispositif a longueur harmo-
nique variable qui modifie la longueur d'une tubulu-
re d'échappement (33).

Procédé selon la revendication 19, caractérisé en
ce que lesdits moyens de modification de calage de
I'allumage (67) sont commandés par mesure d'une
ouverture du papillon des gaz et d'une vitesse du
moteur (N), par comparaison desdites valeurs de
mesure avec des valeurs prédéterminées, et lors-
que ladite comparaison est négative, par détermi-
nation d'une valeur de commande a partir de cette
ouverture de papillon des gaz et de cette vitesse du
moteur (N), lorsque la comparaison est positive, par
calcul d'une valeur de total (IPo) a partir desdites
valeurs de pression (P) et par détermination d'une
valeur de commande a partir de ladite ouverture de
papillon des gaz et de ladite vitesse de rotation du
moteur, et ensuite par commande desdits moyens
de modification de calage de I'allumage (67).

Procédé selon la revendication 20, caractérisé en
ce que ladite comparaison est réalisée comme suit :
vérification que le taux de variation de I'ouverture
du papillon des gaz est inférieur a une valeur spé-
cifiée, silaréponse est non, détermination de ladite
valeur de commande, si la réponse est oui, vérifi-
cation que ladite ouverture du papillon des gaz est
a mi-course ou davantage, si la réponse est non,
détermination de ladite valeur de commande, si la
réponse est oui, vérification que ladite vitesse de
rotation du moteur est a mi-plage ou supérieure, si
la réponse est non, détermination de ladite valeur
de commande, si la réponse est oui, calcul de ladite
valeur de total (IPo) desdites valeurs de pression

(P).
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